This case series describes arteriosclerosis and arteritis with secondary rupture and exsanguination in 2 colubrid snakes, a 3-year-old female Okeetee morph corn snake (Pantherophis guttatus guttatus) and a 14-year-old female Sinaloan milk snake (Lampropeltis triangulum sinaloae). The cases represent a description of arteritis with chronic degenerative arterial remodeling, leading to arterial fragility and eventual rupture, resulting in severe morbidity and acute death. These cases contribute to the understanding of cardiovascular disease in snakes, for which little has been documented.
INTRODUCTION
This report details 2 cases of arteriosclerosis associated with arteritis, aneurysm and arterial rupture, and exsanguination in 2 colubrid snakes. Though, arteriosclerosis is well described in many animal species and humans, 1 it is rarely reported in the Class Reptilia and is poorly understood in these species, but was observed as early as 1970 with a single published report in a green iguana (Iguana iguana), with suspected hypervitaminosis D. 2 Other reports include: pulmonary vessel arteriosclerosis in a Burmese python (Python bivittatus) with endocarditis 3 and multifocal arteriosclerosis of the aorta, in an anaconda (Eunectes murinus) with systemic cryptococcosis. 4 Arteriosclerosis can occur in combination with various cardiovascular conditions, generally as a result of chronic arterial wall stress and damage from hypertension, blood turbulence, or as a reaction to endothelial inflammation or damage including arteritis. 5, 1 Arteritis can be the result of a range of inflammatory conditions, and commonly involves bacterial sepsis 6, 7 with endocarditis being an important source of chronic sepsis, as documented in a Burmese python 3 and an Argentine boa (Boa Constrictor occidentalis). 8 Parasitic arteritis was also documented in several python species and is frequently accompanied by aneurysm. 9 Arterial aneurysm is a severe consequence of atypical vascular forces, such as hypertension or turbulence, with dilation and failure of the compromised vessel wall. 10 Aneurysm has been described in a Burmese python and bearded dragons (Pogona Vitticeps). 11, 12 Many other cardiovascular conditions have been reported in the Order Squamata: congenital anomalies, neoplasia, thrombosis, atherosclerosis, 12, 13, 14 fungal diseases including: Ophidiomyces ophidiicola, and parasitism: Macdondaldius oschei, Sarcocystis sp., among other organisms, are also described. 14 This report details the gross and histopathological findings of 2 adult colubrid snakes with arteritis, chronic arteriosclerosis, and fatal rupture and exsanguination. These cases contribute to the understanding of cardiovascular disease, and specifically arteriosclerosis, in snakes.
CASE REPORTS Case 1
A 3-year-old, female, captive-born, 76 g Okeetee morph corn snake (Pantherophis guttatus guttatus), housed in a zoological setting, was found acutely dead. The snake was housed individually in a 151.4 L standard rectangular glass aquarium, with cut to fit felt material substrate, a hidebox, a soak/drinking bowl that was cleaned and filled daily, and provided a variety of enrichment items. The snake was offered one thawed and gutted, adult mouse weekly. Cage temperature varied some with building temperature, but a daily preferred offered temperature zone was kept at 27°C, and a range of 24°C to 30°C found within the enclosure, while night-time temperatures dropped each value by about 3°C. As this facility was located in Colorado, humidity is naturally very low and no additional supplementation was provided beyond the soak bowl and then the snakes received weekly soaks in a separate soak container before food was offered. The snake's previous medical history was unremarkable. Gross examination showed the cause of death to be a 15 £ 1.5 £ 1.5 cm focus of hemorrhage filling the caudal coelom and dissecting from the right ventral epaxial muscles. Histological examination of all viscera revealed a focus of heterophilic and necrotizing, endocarditis within the atria (Fig. 1) . Arterioles throughout all viscera, the skeletal muscles of the head, and epaxial muscles were multifocally circumscribed and infiltrated with heterophilic inflammation, with adventitial fibroplasia and smooth muscle hyperplasia of the tunica media consistent with generalized heterophilic arteritis and reactive hyperplastic arteriosclerosis (Fig. 1) . Lesions predominantly affected small-to medium-sized arterioles and were associated with moderate cartilaginous and osseous metaplasia. Arteritis lesions were stained with Steiner's silver stain and Brown and Hopps gram stain and no infectious organisms were detected. Other significant histological lesions included chronic and moderate glomerulosclerosis, heterophilic glomerular and interstitial nephritis and moderate heterophilic faveolitis, suggestive of sepsis, and marked hepatic lipidosis, moderate cholelithiasis and chronic sclerosing cholangitis with biliary stasis. No lesions were observed in the eye or brain on serial section. Cause of death was rupture and exsanguination of several epaxial and coelomic arterioles with both arteritis and chronic arteriosclerosis.
Case 2
A 14-year-old female, captive born, 568 g Sinaloan milk snake (Lampropeltis triangulum sinaloae) presented obtunded after brief onset of nonrighting and seizing. The animal was intubated, placed on 100% oxygen with intermittent positive pressure ventilation at a rate of 2 breaths/minute. Blood was collected from the ventral tail vein and analysis suggested hypoglycemia (reference ranges), <20 mg/dL (12 to 128mg/dL) 16 , and severe anemia, Hematocrit: 8% (10% to 43%) 16 with normoproteinemia, 6.4 mg/dL (3.9 to 10.0 mg/ dL), 16 indicative of acute hemorrhage. The snake became comatose and was euthanized roughly 1 hour after initial presentation. Husbandry was as previously detailed for the animal in Case 1. The snake's previous medical history was unremarkable. Cause of death was grossly determined to be acute intracoelomic exsanguination with a roughly 18 £ 2.5 £ 2.5 cm blood clot filling the caudal coelomic cavity and arising from a 6-cm long distal aortic aneurysm that extended from the liver to incorporate the renal arteries. The aneurysm was occluded by an organized thrombus measuring 5 £ 1 £ 1 cm (Fig. 2) . The proximal aorta was irregularly firm and grossly thickened at several arterial branch points (Fig. 3) . Histologically, the aortic wall was thickened with severe hyperplastic arteriosclerosis, fibrosis, and heterophilic arteritis. The tunica media was irregularly expanded by areas of extensive mineralization. No infectious organisms were observed on H&E stains, Steiner's silver stain, or Brown and Hopps gram stain. The aneurysm was occluded by a fibrin thrombus consisting of concentric layers of fibrin, fibrosis, and degenerated heterophils with firm adhesions to the disrupted intima and media (Fig. 4) . Other major and minor arteries were unaffected. No lesions were observed in the eye or brain on serial section. Other significant degenerative changes included chronic glomerulosclerosis of the kidneys and prominent granulocytic hematopoiesis of the spleen.
DISCUSSION
The gross and histopathological findings of these 2 adult colubrid snakes show systemic arteritis and chronic arteriosclerosis, resulting in rupture and exsanguination causing severe morbidity or sudden death. In Case 1 of an Okeetee morph corn snake, generalized arteriosclerosis was likely a degenerative change instigated by systemic arteritis and endocarditis. Unfortunately, an underlying cause of arteriosclerosis and arteritis in both snakes was not elucidated. Although no infectious organisms were observed on histopathologic examination, the disseminated heterophilic arteritis and infiltrates of multiple organs seen in Case 1 indicate sepsis as a possible cause. In contrast, the arteritis and arteriosclerosis observed in Case 2 were focal, making sepsis unlikely.
Arteriosclerosis can cause significant loss of arterial elasticity leading to hypertension 5 with arterial fragility and fatal rupture. Hypertension and turbulent blood flow from aortic arteriosclerosis likely contributed to thrombosis and aneurysm observed in Case 2 of a Sinaloan milk snake, resulting in obstruction and aortic rupture with exsanguination as well as exaggerated arteriosclerosis at several arterial branch points of the aorta.
Importantly, arteriosclerosis can be both a cause and consequence of hypertension, as hardened arteries are less able to mediate changes in blood pressure from normal activities and changes in posture. 5 This may be particularly significant in snakes as their body length and ability to alter height of both the cranial and caudal segments of the body relative to the heart can produce marked changes in blood pressure. 17, 15 Additionally, terrestrial snake species, such as those seen in the examined cases, are less adapted to compensate for changes in blood pressure due to position than arboreal species. 15 Arteriosclerosis also decreases barrow receptor activity, further decreasing the ability to modulate blood pressure. 5 Hyperplastic arteriosclerosis is thickening of the tunica media by fibroplasia and smooth muscle hyperplasia and hypertrophy, 18 with secondary degenerative mineralization, osseous and cartilaginous metaplasia of the tunica media, and intimal hyperplasia. 7 It is important to note that this is a separate disease process from atherosclerosis, which is another type of arteriosclerosis involving lipid infiltration of the arterial media. 1 Arteriosclerosis is most commonly caused by chronic hypertension and/or tachycardia resulting in fatigue of elastin and hyperplasia of smooth muscle, with other systemic disease playing important roles in hypertension and vascular damage; specifically, chronic kidney disease and systemic inflammation. Chronic increased sympathetic tone is also known to contribute to the development of arteriosclerosis in mammals 5,1,19 though a similar role in reptiles has not been determined.
Arteriosclerosis decreases the shock absorbing capacity of large arteries leading to hypertension and arteriosclerosis in small-and medium-sized arterioles, resulting in significantly increased arterial resistance and systemic hypertension. 5 Systemic hypertension damages microvascular beds, including those in low impedance organs like the eye, brain, and kidney, and can lead to retinal disease, deficits in cognition and glomerular degeneration, and dysfunction, respectively. 5 Hypertension may have contributed to glomerulosclerosis observed in the kidneys of both snakes in this report. No lesions were observed in the eye or brain in these cases. Importantly, hypertension and advanced arteriosclerosis can also predispose to aneurysm and rupture of affected arteries, 5 as seen in this case series. Other significant sequella of arteriosclerosis in humans includes an increased risk of coronary artery disease, stroke, and cardiomyopathy.
Arteriosclerosis in mammals is associated with cardiomyopathy as systemic hypertension increases cardiac afterload, leading to left-sided cardiac hypertrophy and increased oxygen demand in the face of decreased coronary perfusion from low diastolic blood pressure, culminating in increased risk of myocardial degeneration, and insufficiency. 5 Evaluation of cardiovascular function through blood pressure monitoring in reptiles is challenging as baseline values for blood pressure are not available in many reptile species. Additionally, indirect oscillometric measurement of blood pressure in snakes tends to overestimate systolic pressure and underestimate diastolic pressure, making direct blood pressure monitoring preferred. 15 However this is challenging with small patient size. Normal blood pressure in reptiles is significantly lower than birds or mammals, making inferences from these better studied taxa less applicable. 20 Additionally, normal blood pressure in snakes varies widely by temperature and species, with an apparent relationship to activity level and habitat type, with arboreal species having a higher average blood pressure than terrestrial species. 15 However, pythons may be expected to have a higher average blood pressure due to a better developed interventricular septum than most other snakes. 15 Burmese pythons (Python molurus) were found to have a significantly higher blood pressure than most reptiles, similar to that of mammals. 21 The best antemortem diagnostic available to detect arteriosclerosis in a reptile is likely ultrasound. 22 However, the size of most reptile patients would make visualization on ultrasound challenging. Magnetic resonance imaging or computed tomography imaging may provide better visualization of thickened or altered arterial walls. 23 In humans, therapy for arteriosclerosis generally focuses on medications used to treat hypertension or heart failure: vasodilators, aldosterone blockers, b-blockers, and diuretics; 5 however, most of these medications are unstudied in reptiles, and some of the most widely used therapeutics for hypertension in mammals have been found to behave differently in reptiles. Atenolol has been observed to decrease heart rate, but not significantly alter blood pressure in green iguanas. 20 Nitric oxide has been found to successfully induce systemic vasodilation in several reptile species including rattlesnakes (Crotalus durissus terrificus) and ball pythons (Python regius); however, it does not appear to significantly affect pulmonary vasculature in all reptile species. 24 Loop diuretics, such as furosemide have a minimal effect in reptiles as reptilian kidneys lack a loop of Henle. 11 Additionally, many reptiles are difficult to medicate orally and regularly, though alternative routes are currently being explored. The use of subcutaneous osmotic pumps for long-term medication of reptiles has shown promise. 25 With this in mind, treatment in reptiles should be pursued with knowledge of relevant physiology using a similar approach to that of mammals and birds.
CONCLUSION
The cases presented here discuss the pathogenesis of arteritis, arteriosclerosis, and aneurysm in snakes. The role of arteriosclerosis as a comorbidity with other cardiovascular conditions in snakes, warrants further exploration as its prevalence and role in morbidity and mortality in reptiles is poorly understood. Snakes presenting for cardiovascular lesions should be examined carefully for evidence of arteritis, endocarditis, and arteriosclerosis to better understand the nature of this disease process. Antemortem diagnosis and management of this condition in snakes could be challenging but not insurmountable with currently evolving imaging and treatment options.
